Abstract Although a light to moderate alcohol intake is associated with a lower risk of acute coronary syndrome (ACS), alcohol is also associated with risk of hypertension, which in turn is a strong risk factor of ACS. We examined whether middle-aged men and women with hypertension also benefit from a light to moderate alcohol intake in relation to risk of ACS and overall mortality. We used data from 57,053 men and women, aged 50-64, who participated in the Danish Diet, Cancer and Health study. Information on alcohol intake (amount and frequency) was reported by the participants. Hypertension status was assessed at baseline by combining blood pressure measurements and self-reports. During follow-up, 860 and 271 ACS events occurred among men and women. Irrespective of alcohol intake, participants with hypertension had a higher risk than participants with normal blood pressure. Alcohol intake was associated with a lower risk of ACS among participants both with and without hypertension and there was no evidence of interaction between alcohol intake and hypertension. Those who drank moderately had a lower mortality than abstainers and those who drank heavily; and for all levels of alcohol intake, participants with hypertension had a higher risk than participants with normal blood pressure. Results were similar for men and women. These findings indicate that a light to moderate alcohol intake has similar effects on the risk of ACS in men and women with and without hypertension.
Introduction
Hypertension is a serious public health problem, causing almost 13% of all deaths worldwide and 17% of all deaths in high income countries [1] . Heavy alcohol consumption is associated with an increased risk for hypertension [2] , and hypertension in itself is a major risk factor for coronary heart disease [3] . On the other hand, substantial epidemiological evidence suggests that alcohol intake has beneficial effects on the cardiovascular system, causing a lower risk of coronary heart disease among light to moderate alcohol drinkers compared with abstainers [4, 5] . The beneficial effect is believed mainly to be due to increasing levels of high-density lipoprotein cholesterol, decreased fibrinogen and increased insulin sensitivity [6] [7] [8] .
The association between alcohol intake and coronary heart disease and total mortality with respect to hypertension has been examined in earlier studies [9] [10] [11] [12] [13] [14] [15] , but important questions remain. First, apart from one these studies were restricted to individuals with hypertension, thus risks comparison with individuals without hypertension is not possible [15] . Second, none of the studies investigating the risk of coronary heart disease included both men and women. Women differ from men in alcohol pharmacokinetics (i.e., processing and elimination of alcohol in the body) and the level of alcohol intake beyond which the risk of adverse effects increases is lower in women than in men [16, 17] . Also, sex differences in the effect of a range of cardiovascular risk factors, including hypertension, have been observed, which further underlines the importance of studying the differences between men and women [18] .
Our aim was to address if the current sensible drinking guidelines for moderate drinking apply to middle-aged women and men regardless of whether they have hypertension or not. Therefore, we investigated the association between alcohol intake and the incidence of acute coronary syndrome and total mortality in a large Danish cohort of men and women with and without hypertension.
Methods
The diet, cancer and health study Between December 1993 and May 1997, 160,725 Danish adults aged 50-64 years were invited to participate in the Diet, Cancer and Health study. Eligible participants were born in Denmark and had no previous cancers. In total, 35% of the invited agreed to participate (27, 178 men and 29,875 women).
Prior to a clinic visit, the participants filled in a comprehensive 192-item food frequency questionnaire (FFQ) including questions about amount of alcohol intake. While at the clinic, they filled in an additional questionnaire concerning health behavioural and social factors, as well as questions regarding the frequency of alcohol intake. Both questionnaires were checked for misunderstandings and inconsistencies by an interviewer. Anthropometrical measures and blood pressure were taken on site [19] .
Alcohol intake
In the food frequency questionnaire, participants reported average alcohol intake during the past year. Intake was reported for 6 different types of alcoholic beverages: Light, regular and strong beer (in bottles), wine (in glasses), fortified wine (in drinks) and spirits (in drinks) in predefined categories from ''never'' to ''8 or more'' drinks per day. The different types of alcoholic beverages had different alcohol content: light beer, 8.9 g ethanol; regular beer, 12.2 g ethanol; strong beer, 17.5 g ethanol; wine, 12.2 g ethanol; fortified wine, 9.3 g ethanol; and spirits 9.9 g ethanol [20] . The alcohol content for each type was summed up, and a weekly amount of alcohol intake was calculated in number of drinks containing 12 g alcohol each. Drinking frequency was reported in the background questionnaire in predefined categories; ''never'', ''less than once a month'', ''1-3 times monthly'', ''once a week'', ''2-4 times weekly'', ''5-6 times weekly'' and ''daily''.
Hypertension
In the background questionnaire, participants were asked if they had been diagnosed with hypertension. Participants, who had answered yes, were categorized as having ''selfreported hypertension''. Among these, participants who additionally answered that they were or had been taking any medication for hypertension were categorized as ''using medication''. In addition, participants had their blood pressure measured during the clinic visit. Blood pressure was measured once in a lying position after 5 min of rest [19] . Participants who had a systolic blood pressure above 140 mm Hg and diastolic blood pressure above 90 mm Hg were categorized as having ''measured hypertension'' [21] . We used both self reports and measures of high blood pressure to define hypertension. In total, 8,722 (34%) men and 8,216 (28%) women were categorized as having hypertension (1,506 men and 2,860 women by self report only, 4,966 men and 3,171 women by measurement of blood pressure only, and 2,250 men and 2,185 women by both criteria).
Follow-up
Information about incident cases of acute coronary syndrome (ACS), including fatal and non-fatal myocardial infarction (MI), sudden cardiac death and unstable angina pectoris was obtained by linkage with central Danish registries of hospital discharges and causes of death (ICD-8 codes 410-410.99, 427.27 and ICD-10 codes I20.0, I21.0-21.9, I46.0-46.9). ACS cases were identified between baseline and January 1, 2004, which is the date of the last available update from the Hospital Discharge Register. As described elsewhere [22] , all discharge diagnoses were retrieved and reviewed to ensure that they met the criteria for ACS, proposed by the American Heart Association and the European Society of Cardiology [23] . Our validation study confirmed that MI is recorded with a high degree of validity in this register (positive predictive value for diagnoses received upon discharge from a ward = 92%), whereas unstable angina and cardiac arrest were less accurate (B50%) [22] . Through the Causes of Death Registry, we additionally identified 111 participants with fatal MI.
In a sub-analyses, we excluded participants who had received the ACS diagnosis based on reports of unstable angina or cardiac arrest (n = 235). This analysis did not change the results using the global ACS diagnosis, which we report in the present paper.
Person-years are recorded from the date of participant enrolment to the date of coronary event (n = 1,131), death from other causes (n = 2,410), emigration (n = 215), loss to follow-up (n = 5) or January 1, 2004 which was the last day of follow-up, whichever came first.
Total mortality was the secondary outcome in this study. Cases were identified through the Danish Civil Registration System where vital status is registered for every citizen. The cohort is currently followed up until July 2006, and person-years are recorded from the date of enrolment to this date or date of censoring. Prior to this date, 4,210 people died, 311 emigrated and 6 were lost to follow-up.
Statistical analysis
We calculated hazard ratios (HR) by Cox proportional hazard regression analysis using the statistical package STATA version 10. Age was used as time axis with delayed entry implemented to ensure maximal adjustment for confounding by age. We addressed the joint effects of alcohol intake and hypertension status on risk of ACS by using light drinking participants (1-6 drinks per week) with normal blood pressure as reference category. Analyses were performed for the exposures weekly alcohol intake and drinking frequency, and for the outcomes ACS and total mortality.
For ACS we calculated crude risk estimates and risk estimates adjusted for the following potential confounders: Smoking (never, ex (stop before/after age 30), 1-14, 15-24, or 25? g tobacco per day), body mass index (BMI, \18.5, 18.5-25, 25-30, 30? kg/m 2 ), waist circumference (cm), school education (B7, 8-10, or 10? years in school), physical activity in leisure time (hours per week), intake of fruit [quartiles (g)], vegetables (g), fish (g), fat (quartiles, % of total energy intake), saturated fat (% of total energy intake), and menopausal status and use of hormone replacement therapy (HRT) in women (pre-, unsure, postmenopausal not using HRT and postmenopausal using HRT), self-reported diabetes mellitus (yes/no) and selfreported hypercholesterolemia (yes/no).
We tested the proportional hazards assumption and no violations were found. When testing for linear trend, we analyzed the median value within categories continuously. Statistical interactions between alcohol intake and hypertension, and alcohol intake and sex were assessed on the multiplicative scale by comparing the log likelihoods in nested models with and without cross-product terms.
To test whether participants taking medication for hypertension had similar risks of ACS and total mortality as those with normal blood pressure, we compared the relative risks according to alcohol intake in participants with hypertension that were medicated to those classified as normotensives. We also compared those with selfreported hypertension and those with measured hypertension to those with normal blood pressure.
To examine the possible bias due to undiagnosed cardiovascular illness at baseline, which might have influenced the participants' alcohol intake, we carried out analyses for the first 2 and 4 years of follow-up, which we compared with analyses of the subsequent years of followup.
We excluded participants with missing information on relevant questionnaire data (n = 484), ACS diagnosis before baseline (n = 994) and participants who were registered with an ACS diagnosis during follow-up, but whose medical record could not be retrieved and whose endpoint therefore could not be validated (n = 113). In total, 26,035 men and 29,427 women were eligible for further analyses.
Results
Five percent of the men and 16% of the women were nondrinkers (\1 drink/week). Among the remaining participants the median alcohol intake was 12.1 drinks/week for men and 6.6 drinks/week for women. Participants in the lowest and in the highest drinking categories were more likely to be smokers and to suffer from hypercholesterolemia than participants in the in-between drinking categories ( Table 1 ). The prevalence of diabetes and a short school education were highest among the nondrinkers. The above trends were the same for women and men.
During a mean follow-up of 7.6 years, 860 and 271 incident cases of ACS occurred among men and women. In adjusted analyses, the amount of alcohol intake was inversely associated with risk of ACS, however only statistically significant among men (P for trend: men \0.001, women = 0.11) ( Table 2 ). The lowest risk was observed among the men and women in the highest alcohol drinking categories (28? and 21? drinks/week, corresponding to 48? and 36? g/day). Compared to light drinkers (1-6 drinks/week), the multivariate hazard ratios among men and women in the top alcohol consumption groups were 0.68 (95% CI: 0.53-0.91) and 0.64 (95% CI: 0.38-1.09), respectively.
We next studied the associations between alcohol intake and ACS among men and women with and without hypertension. In men and women, a higher alcohol intake was associated with a lower risk of ACS regardless of hypertensive status, however only statistically significant among men (Table 3 ). Approximately half of the ACS events occurred among participants with hypertension (47% (n = 402) among men and 51% (n = 137) among women). We found no evidence of interaction between sex and alcohol intake on risk of ACS in participants with or without hypertension (P = 0.40 and P = 0.56). To study the associations between alcohol intake and ACS risk according to different definitions of hypertension, we modelled men and women together with a joint reference group consisting of light drinkers without hypertension (Fig. 1) . Hypertension was investigated by selfreports (all), by blood pressure measurements (alone), and by selfreported use of antihypertensive medication. For all definitions of hypertensive status, we observed an inverse relationship between alcohol intake and risk of ACS (Fig. 1) . Compared with participants in the same alcohol category without hypertension, participants in the All analyses were repeated incorporating alcohol drinking frequency instead of the average amount of alcohol intake. Results were comparable to results reported above using quantity and we saw no signs of interactions between alcohol intake frequency and hypertension status.
All-cause mortality risk according to alcohol intake was J-shaped in men and women (data not shown). In analyses including hypertension, the association between alcohol and risk of mortality was also J-shaped and the risk among participants with hypertension was higher than for participants without hypertension at all levels of alcohol intake (Fig. 2) .
Finally, to examine the possibility that baseline symptoms of preclinical disease might have caused a reduction in alcohol intake, and thereby biasing the results, we conducted analyses comparing the association between alcohol intake and ACS only including early cases (i.e. cases that occurred within the first two years of follow up, n = 212) with the association including only later cases (cases n = 919). There was an inverse association between drinking frequency and coronary heart disease in both groups. For early cases, multivariate hazard ratios for men and women who drank 21-27 drinks/week and 28? drinks/ week were 0.59 (95% CI, 0.31-0.89) and 0.53 (95% CI, 0.31-0.89) compared with drinking 1-6 drinks/week, and for later cases, multivariate hazard ratios for drinking 21-27 drinks/week and 28? drinks/week were 0.74 (95% CI, 0.57-0.95) and 0.74 (95% CI, 0.58-0.93).
Discussion
In this prospective study of middle-aged men and women, moderate alcohol intake was associated with a lower risk of acute coronary syndrome (ACS) in men and women with and without hypertension. For all studied associations (amount and frequency of alcohol intake), the risk of ACS and of all-cause mortality among participants with hypertension was higher than among participants without hypertension. There was no indication of interaction between alcohol intake and hypertension on the risk of ACS.
To our knowledge, this is the first study that includes both men and women, includes both normotensives and hypertensives, and assesses both incident ACS and total mortality as outcome measures.
In agreement with our results, previous studies including individuals with hypertension reported inverse associations between alcohol intake and coronary heart disease [9] [10] [11] 15] . No comparisons were made with normotensive individuals. Total mortality has been investigated in prior studies [9, [12] [13] [14] 24] , but with inconsistent conclusions 
Use of antihypertensive medication Hazard ratio Alcohol intake (drinks/week) Fig. 1 Hazard ratios of acute coronary syndrome (ACS) relative to joint reference category of no hypertension and alcohol intake of 1-6 drinks/ week in men and women combined and according to different definitions of hypertension. Multivariable adjusted for age, sex, smoking, school education, BMI, waist circumference, physical activity, intake of fruit, vegetables, fish, fat and saturated fat, hypercholesterolemia, diabetes, and for women: menopausal status and use of HRT. Squares represent participants with hypertension. Circles represent participants with normal blood pressure about the potential beneficial effects of a light-to-moderate alcohol intake in men with hypertension [9, 14] . We found that moderate drinkers had a lower all-cause mortality than non-drinkers and heavy drinkers, which seems to apply to both men and women with normal blood pressure and hypertension. Furthermore, we did not find any evidence of interaction between alcohol intake and hypertension which is in agreement with results of another study [10] . This was consistently observed among men and women, for ACS and total mortality, for different definitions of hypertension and for alcohol intake, evaluated both as average quantity and frequency. This consistency strengthens the findings, and is therefore less likely to be caused by bias.
A strength of our study is the Danish complete registration system, which allows us to have complete follow-up and that we used validated information on ACS. The coverage of the Danish registration system is very high, with virtually every event recorded [25, 26] . All discharge diagnoses of ACS were validated and only confirmed cases were included in the present analyses. Due to limited information available, the 111 ACS diagnoses obtained from the Cause of Death Register are less accurate.
Another strength in our study is the large variation in alcohol intake. This means that we were able to describe the risk of ACS and total mortality associated with a wide range of alcohol intake and making results applicable to the whole Danish population.
A limitation in our study is the study participation rate of only 35%. People who chose to participate may have a different risk profile and be at better health than those who declined participation. A comparison between study participants and those who declined, showed that study participants on average had a higher income, higher level of education, larger size housing and were more likely to be married [19] . This confirms the assumption that lower socioeconomic groups are underrepresented in epidemiological studies. However, the observed incidence of coronary heart disease within the study cohort did not differ from that of the general Danish population [27] . We observed similar tendencies among men and women, although, the number of cases was substantially lower among women than among men, and hence results for women are less certain and warrant further study.
Alcohol intake was reported in a food frequency questionnaire. The food frequency questionnaire has been found valid when comparing it to formal dietary interviews in Danish populations [28] . However, alcohol intake in other studies has shown to change over time. One study reported that the U-shaped association between alcohol and total mortality shifted after adjusting for intake variation [29] , while another study reported the U-shaped association to be consistent for those with a stable alcohol intake [30] . In our study, we applied a single measure of alcohol intake, which could potentially bias our results. Also, alcohol intake could be misclassified among the participants who were diagnosed with high blood pressure during the clinic visit: it is possible, that such participants change their lifestyle and habits, including alcohol intake, due to this information. However, Beulens et al. measured alcohol intake several times, and they found that alcohol intake before and after diagnosis of hypertension was highly correlated [9] .
Due to the low numbers of cases in the non-drinking category, it was not possible to analyse never drinkers and ex-drinkers separately. If the group of non-drinkers primarily consists of ex-drinkers, the excess risk associated with non-drinking might be due to the fact that ex-drinkers could have been ''sick quitters'' [31] . The analyses were not adjusted for participants' medical history, which means that the increased risk of ACS and total mortality among nondrinkers could be caused by latent illness. However, participants with a history of ACS were excluded so this is unlikely to be the case. Also, we did measure alcohol intake in many different categories, and the inverse associations were not only driven by a relatively high risk of ACS and death among non-drinkers. Furthermore, when analysing early and later cases separately (defined as cases occurring before and after two years of follow up), inverse associations between alcohol and ACS were consistently observed, and it is thus unlikely that the sick-quitting are causing the observed results. We avoided the term 'binge drinking', which in most studies is defined as drinking a minimum number of drinks per occasion such as 6 or 13 [32, 33] , because the participants were not asked directly about occasional heavy drinking, and we can therefore not comment on this.
We used very similar definitions of hypertension as Bos et al. and Britton [10, 11] . However, obtaining information about participants' hypertension status can be problematic. The measurements can be misclassified because it was only measured once, and some people tend to have elevated blood pressure in the presence of a physician, so called white coat hypertension [21] . Thus some individuals might be wrongly categorized as hypertensive at baseline. Despite these possibilities of measurement error, we found consistent results, when analyzing people with measured hypertension, self-reported hypertension and self-reported treatment for hypertension separately. When studying alcohol intake and risk of CHD, it is a concern that any decrease in risk of coronary heart events due to alcohol intake will be outweighed by an increase in other diseases or problems related to alcohol intake, e.g., liver diseases, cancers and road crashes. Our study showed that the overall risk of mortality was lowest for participants with a moderate alcohol intake, and it therefore appears that the cardioprotective effect outweighs the damaging effects associated with moderate alcohol intake. This result is, however, restricted to middle-aged men and women.
Conclusions
We found inverse associations between alcohol intake and ACS and a J-shaped association for total mortality among both hypertensives and individuals with normal blood pressure. This implies that the current sensible drinking guidelines for moderate drinking also apply to middle-aged women and men regardless of whether they have hypertension or not.
This result further implies that people with hypertension who drink alcohol lightly to moderately do not need to reduce their alcohol intake in order to reduce their risk of ACS. It also implies that those who drink heavily should reduce their alcohol intake in order to reduce their risk of mortality from all causes. However, this does not mean that nondrinkers should be encouraged to drink alcohol in order to prevent ACS and prolong life: many detrimental consequences are associated with alcohol intake [21] , and it would be unethical to advise people to increase their alcohol intake or even to start drinking alcohol if they do not do so already.
